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Introduction
The Li-ion batteries production might face some sustainability issues in a near future due to the relatively low abundance and uneven concentration of lithium on the Earth crust and more importantly due to the cobalt criticality. Magnesium (Mg)-based batteries are a promising alternative thanks to Mg high abundance, low price, safety features and its attractive theoretical capacities (2200 mAh g -1 and 3800 mAh cm -3 ). [1] [2] [3] [4] Alike lithium, magnesium metal has a tendency to react with conventional electrolytes. However magnesium transport is limited by the formation of a blocking passivation layer on its surface instead of an ions conducting solidelectrolyte interphase (SEI) for lithium. 1, 2, [4] [5] [6] [7] This layer impedes the Mg 2+ ions path to the Mg negative electrode, and thus dramatically limits the reversible stripping/plating electrochemical processes. Aurbach's [6] [7] [8] group, among others, has overcome this problem in the 2000s, using
Grignard reagents in an organohaluminate-based electrolyte in ethereal solution. Unfortunately, the difficult preparation conditions, their extreme air-sensitive and corrosive characters as well as their instability, limit their use in industry. 2, 4, 9, 10 Above all, the narrow electrochemical window of organohaluminate-based electrolytes makes it difficult to develop high-voltage positive electrode materials. 6, 8 An interesting alternative for the development of magnesium batteries is to replace magnesium metal with a negative electrode material, which should be compatible with conventional electrolytes. Such Mg-ion cells could be a reliable alternative to lithium-based systems. Recently, some studies showed that p-block elements (Sn, [11] [12] [13] [14] [15] [16] [17] Sb, 18, 19 In, 17, 20, 21 Pb, 22 Bi, 5, 18, [23] [24] [25] [26] [27] ...) can electrochemically alloy with Mg and can be stable with conventional electrolyte such as Mg(TFSI)2 dissolved in a glyme solvent. 5, 26 Despite their interesting electrochemical reactivity, these alloys present lower theoretical gravimetric capacities than Mg metal (300 to 900 mAh g-1 ) [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . However, their theoretical volumetric capacity can compete with Li or Mg metal, with for example a value of ~ 1900 mAh cm -3 for bismuth. Among these elements, indium presents the lowest alloying potential (0.09VMg) and a good reversibility but suffers from kinetics limitations at high rates and scarce resources. 17, 20 Differently, antimony presents one of the highest theoretical capacity (660mAh g -1 ), 18, 19 despite its lack of electrochemical activity as pure element. Magnesiation of pure Sb to form Mg3Sb2 was only observed in thin films, 19 while poor-if any-alloying occurs for pure micrometric Sb particles. 18 In any case, Sb electrodes present a strong irreversibility and capacity fading.
18,19
Bi1-xSbx and SnSb alloys were respectively investigated by Murgia et al. 18 and Parent et al. 11 as negative electrodes for Mg-ion batteries to seek for a synergy between the different elements.
The first authors evidenced that antimony can be activated when coupled with bismuth.
However, this beneficial effect is only observed on the first magnesiation as Mg 2+ ions cannot be pulled out of the Mg3Sb2 structure in the subsequent demagnesiation. 18 28 or SnSb in Na-ion batteries. 29 
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Methods
In (Alpha Aesar, 99.99%) and Sb (Alpha Aesar, 99.5%) powders were purchased and used as received. The InSb compound was prepared by planetary ball milling in a Fritsch Pulverisette with 3 stainless steel balls in a stainless-steel vial. In and Sb powders were introduced in stoichiometric amount with a ball-to-powder ratio of 1:70 and milled for 6 h under inert atmosphere (Ar). A milling yield (corresponding to the ratio of powder masses after and before milling) higher than 95% was obtained, demonstrating poor welding between the powder and the balls/vial. Electrochemical tests were performed in a half-cell configuration using 2-electrodes Swageloktype cells with a Mg disc (99.95%, Gallium Source) as both reference and negative electrode.
Whatman GF/A glass microfiber filters were used as separators. In our case pulse periods of 1 h at a C/50 rate followed by open circuit courant (OCV) periods for 2 h were used. Every electrochemical test was repeated at least three times to verify the reproducibility.
Ex situ XRD characterization after cycling was performed on electrodes previously washed with THF to avoid any trace of the electrolyte. To avoid reactivity with air, all XRD measurements were carried out by protecting the sample with Kapton tape in the glove box.
Results and discussion
High energy mechanochemical synthesis is known as an efficient method to synthesize intermetallic compounds 18, 21, [30] [31] [32] such as InSb. 33 The XRD pattern ( 8 This is expected as no electrochemical activity for Sb micrometric particles was observed previously with a fast decrease of potential down to 0VMg. 18, 19 On the contrary, the InSb composite electrode ( Figure 2a ) is able to host 1.9 moles of Mg 2+ in its structure, demonstrating a beneficial effect between the two elements. The electrochemical profile suggests that Sb is electrochemically activated by the presence of In. This behavior seems comparable to what was already showed by Murgia et al. 18 for the Bi1-xSbx where antimony is activated in the presence of Bi for the first magnesiation, and will be discussed in more details below. In electrodes display a flat plateau around 0.09 VMg related to the two-phase reaction leading the formation of crystalline MgIn ( Figure S3 ). 20 For the Sb electrodes, the two-phase reaction with
Mg is predicted at 0.31 VMg to form Mg3Sb2. 18, 19 Therefore, the alloying region around 0.16 VMg (before ~1.25), should be linked to the formation of Mg3Sb2. The second region occurring at a lower potential around 0.07 VMg should be associated with the reaction of In with Mg to form
MgIn. This agrees well with the electrochemical reactivity of the pure In and Sb elements, 19, 20 and can be summarized as follows:
At the beginning of the first magnesiation, the cell voltage drops rapidly down to ~ 0.07 VMg (this value varies between 0.05-0.1 VMg depending on the cell) but then rises again to finally reach the first alloying plateau at 0.16 VMg. As already seen in other materials 5, 13, 19, 22, 24 this can be related to the equilibrium between first the nucleation of the Mg3Sb2 grains and second the growth of the particles. The Mg-In/Sb electrochemical alloying potentials are not really stable in the first magnesiation but, at the end, the system reaches a capacity of 535 mAh g -1 which is very close to the theoretical capacity of 566 mAh g -1 (calculated based on the formation of Mg3Sb2 and MgIn).
The first demagnesiation (Figure 2a, b) shows two well-defined plateaus at 0.39 VMg and 0.14 VMg. Considering the dealloying potential values of Mg3Sb2 18, 19 and MgIn, 20,21 the higher plateau is attributed to the dealloying of Mg3Sb2, while the second is assigned to MgIn dealloying. Mg dealloying reaction occurs at 0.14 and 0.39 VMg during charge so the system presents a consequential polarization of about 230 mV (for the alloy Mg3Sb2) and 80 mV (for MgIn). The system is poorly reversible at the first cycle, with a capacity retention of only 39 % (Figure 2a ).
Few factors can explain this low reversibility. The large volume expansion during the first cycle (theoretical volume expansion estimated ~100%) could lead to the disconnection of some active material particles from the global matrix, or Mg 2+ diffusion can be impeded in some large particles due to the sluggish diffusion of Mg 2+ in solids. [5] [6] [7] [8] [9] A reactivity between the electrode and the electrolyte could also irreversibly consume electrons and/or Mg 2+ ions, implying a poor stability of the alloy in the electrolyte, in contradiction to the expected stability of THF based solutions. 35 Most probably, we believe that the irreversibility could arise from the poor ability of the Mg3Sb2 to be demagnesiated. 18, 19 In contrast with the first cycle, the second magnesiation (Figure 2a To better identify the phases present during Mg alloying in InSb, XRD patterns from samples fully magnesiated either at a C/100 rate or in GITT mode were compared ( Figure 5 , complete patterns on Figure S6 ). The XRD pattern of the GITT sample collected at the end of the first magnesiation shows a different profile in comparison with the GCPL sample pattern.
Interestingly the XRD pattern of the GITT magnesiated sample presents sharper and better-defined reflexes, denoting more highly-crystallized phases. More importantly, the main difference is the unambiguous presence of three sharp reflexes at 9.3°, 12.8° and 15.6° which corresponds to the P4/mmm MgIn phase. MgIn crystallization is clearly evidenced on the GITT sample -in which the electrode is allowed to reach a steady state-while the crystallization is circumvented with the GCPL sample. The presence of amorphous MgIn seems counterintuitive as the magnesiation of pure In 20 ( Figure S3 ) and of an InBi alloy 21 leads to crystalline MgIn.
However the capacity extracted from InSb ( MgIn phase. Moreover, the sluggish diffusion of Mg 2+ could slow down the atomic rearrangement in the MgIn structure, while an inner strain could also hinder the formation of crystalline MgIn. 29 In order to confirm our hypotheses, some in situ XRD and in situ X-ray absorption experiments should be performed to identify the phases formed at a more local scale.
By coupling the XRD characterization and electrochemical data, we thus propose the following reaction pathway for the first magnesiation of InSb, based on two successive biphasic reactions governed by the magnesiation of Sb and In, with first an extrusion of In and then an incomplete transformation of the InSb material which leads to the crystallization of Mg3Sb2 and the electrochemically-driven amorphization of MgIn using galvanostatic cycling:
Finally, we also investigated the phases formed at the end of the first cycle. The XRD pattern acquired on a completely demagnesiated electrode is shown in Figure 5 . Interestingly, the first demagnesiation does not produce Sb and In as pure elements from the demagnesiation of MgIn and Mg3Sb2 phases, but instead the intermetallic compound InSb is reformed as the major product. Nevertheless, some Mg3Sb2 and In still remain which demonstrates an uncompleted demagnesiation of the overall electrode and explain for the most part the large irreversibility observed in the first cycle.
Cycling performance and evidence for Sb electrochemical activation
The study of InSb-based composite electrodes was firstly proposed to investigate a possible synergy between In and Sb. The alloy could present a better capacity due to the high capacity of the antimony, namely 660 mAh g -1 , 18, 19 and the lowest working potential of indium among the other p-block elements. 20, 21 It is interesting, from a fundamental point of view, to evaluate the electrochemical performance and to compare them with In and Sb-based electrodes already reported in the literature. Electrochemical cycling tests at a C/50 rate were performed upon more than 40 cycles on an
InSb-based electrode ( Figure 6 ). Despite the lack of activity of the pure Sb reported previously, the InSb alloy presents capacities higher than indium composite electrodes (first magnesiation capacity around 460 mAh g -1 (theoretical capacity 467 mAh g -1 ) 20 at least for the first cycle.
After the first cycle a sharp decrease of the capacity is observed and then the capacity stabilizes for both alloying and dealloying reactions with a slight gradual increase from 270 to 350 mAh g and some subsequent capacities around 300 mAh g -1 . Some questions remain on the mechanisms leading to the activation of Sb in the InSb alloy, whether it can involve a peculiar interface in the material or be related to the microstructure. This requires further investigation for example with in situ XRD/X-ray absorption to understand how to further trigger the full reactivity of Sb in Mgion batteries.
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